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ABSTRACT 

An examination of t h e  proposed Aerodynamic Gravi ty  
S u b s t i t u t e  Workbench shows the  p r e s e n t  conf igu ra t ion  r e s u l t s  
i n  low e f f e c t i v e  f o r c e s .  
exe rc i sed  by t h e  workbench on m e t a l l i c  o b j e c t s  r e p r e s e n t a t i v e  
of p a r t s  and tools encountered i n  work s i t u a t i o n s ,  r e v e a l s  
t h a t  t h i s  f o r c e  amounts t o  ~ 1 %  or  less of t h e  f o r c e  of 
g r a v i t y  a c t i n g  on s i m i l a r  bodies a t  t h e  s u r f a c e  of t h e  e a r t h .  
Only a f l a t  disk-shaped body would exper ience  a s i z a b l e  
a c c e l e r a t i o n ,  on t h e  order of 0 .29 ,  provided i t s  f l a t  s u r f a c e  
always remains o r i e n t e d  normal t o  t h e  a i r  stream, an u n l i k e l y  
s i t u a t i o n  f o r  a small o b j e c t  i n  a c c i d e n t a l  motion over  t h e  
workbench. 
Gravi ty  S u b s t i t u t e  Workbench should be examined i n  t h e  l i g h t  
of t h e  c h a r a c t e r i s t i c a l l y  l o w  force levels determined i n  
t h i s  s tudy.  

Computation of t h e  drag f o r c e  

The requirements f o r  t h e  use of t h e  Aerodynamic 
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I.  The Proposed Experiment 

I n  o r d e r  t o  explore  t h e  p o t e n t i a l  of aerodynamic 
f o r c e s  as an a l t e r n a t i v e  g r a v i t y  s u b s t i t u t e  i n  a s h i r t - s l e e v e  
work environment where l o s e  o b j e c t s  have t o  be hanciled, an  
aerodynamic workbench experiment, M507, has  been propohed f o r  
Skylab A. Its hardware c o n s i s t s  of a porous p l a t e  such as a 
s t a i n l e s s  s teel  sc reen ,  which i s  t h e  work area, and a f a n  
loca ted  below it t h a t  draws the a i r  through t h e  p e r f o r a t i o n s .  
This  then gene ra t e s  a s t eady  a i r  stream d i r e c t e d  towards t h e  
working s u r f a c e ,  producing a f o r c e  t h a t  i n  e f f e c t  d rags  o r  
"sucks" loose o b j e c t s  t o  t h e  s u r f a c e  and holds  them t h e r e .  
The a i r  i s  f i n a l l y  r e tu rned  to  t h e  system through a d i f f u s e r .  

Representa t ive  experiment parameters  are as fol lows:  

A i r  stream v e l o c i t y  1-5 m / s e c  

Ambient p r e s s u r e  5 p s i  
Ambient temperature 70°F  

I n  p r i n c i p l e  t h e  experiment could be performed under 
d i f f e r e n t  cond i t ions ,  b u t  the i n d i c a t e d  va lues  a r e  as close t o  
t h e  a n t i c i p a t e d  a c t u a l  condi t ions  i n  Skylab a s  i s  necessary 
f o r  a simple, a n a l y s i s  of t h e  proposed experiment. This a n a l y s i s  
shows t h a t  t h e  f o r c e  levels a t t a i n e d  i n  t h e  proposed configura-  
t i o n  are q u i t e  l o w ,  i n d i c a t i n g  a need t o  reexamine t h e  p o t e n t i a l  
u ses  of t h e  workbench. 

11. Numerical Comparison of t h e  Drag Force wi th  Terrestr ia l  
Surface  Gravi ty ,  g . .  . 

The aerodynamic drag f o r c e  D,  experienced by a body 
exposed t o  a gas  stream is given by 

1 3 (1) D = F D p v  A 

where 

D = t h e  t o t a l  drag f o r c e  e x e r t e d  on t h e  body 
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CD = dimensionless drag coefficient 

p = air mass density 

V = relative air stream velocity 

A = effective area of the body. 

For geometrically similar bodies CD is a function of Reynolds 
number R only, and is usually determined in experiments. The 
Reynolds number is given by 

where p is the viscosity of the ambient gas and d is a char- 
acteristic length of the body. 
wide range of possible values for R have only been established 
for simple geometries such as spheres, cylinders, "infinite" 
flat plates and airfoils. 
c1 

The variations of CD over the 

Figure 1 shows the dependence of 
on R for spheres, cylinders, and disks (1,2) D 

In the following we estimate the drag force on three 
typical bodies, with sizes and shapes that are representative of 
objects to be encountered in actual work situations such as 
small parts and tools. Table 1 summarizes the relevant physical 
parameters of these objects and the drag force D acting on 
them under the assumed conditions of the experiment. Likewise 
Table 1 shows the value of gravitational force F=mg acting on 
these objects at the surface of the earth, and lists the ratio 
D/F. The assumed density of the material of these objects is 
~gm/cm3. 
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Objec t  Dimensions D (dynes) !F (dynes) R* 

2 . 4 ~ 1 0 ~  
(V=l m/sec) .8 1.37 2 . 5 6 ~ 1 0 ~  

' 'D I 
d(d iame te r )  
= l c m  i Sphere 

1 . 2 ~ 1 0 3  
II : (V=5 m/sec) .45 19.3 

. 

D/F 

%5~10'~ 

~ 7 x 1 0 ' ~  
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d=lcm 2. 4x102 1 . 4  
Cyl inder  1 ( l e n g t h )  

- 3 -  

14.0** ' 1. 92x104 ! % 7 . 3 ~ 1 0 - ~  

=5cm 1 . 2 ~ 1 0 3  

*In  t h i s  and subsequent columns t h e  upper e n t r y  i n  each 
ca tegory  corresponds t o  an a i r  s t ream v e l o c i t y  of l m / s e c ,  
t h e  lower e n t r y  corresponds t o  5m/sec. 
**motion of c y l i n d e r  normal t o  c y l i n d e r  a x i s  
***motion i n  d i r e c t i o n  of d i s c  a x i s  

1.0") 1 2.5x102*' I1 ' . ~ 1 . 3 x 1 0 - ~  

111. Conclusions 

Table 1 shows t h a t  f o r  t h e  given va lues  of phys i ca l  
parameters and cond i t ions  of ope ra t ion  t h e  aerodynamic g r a v i t y  
s u b s t i t u t e  on t h e  workbench amounts t o  ~ 1 %  o r  less of t h e  
g r a v i t a t i o n a l  f o r c e  a c t i n g  on  t h e  t e s t  o b j e c t s  a t  t h e  s u r f a c e  
of t h e  e a r t h .  Only a l i g h t  d i s k  whose f l a t  s u r f a c e  remains 
always exposed t o  normal impact of t h e  a i r  s t ream,  exper iences  
a force comparable t o  l u n a r  su r face  g r a v i t y .  
d rag  f o r c e  depends so s t rong ly  on o r i e n t a t i o n ,  t h e  a c t u a l  f o r c e  
encountered by any small  p a r t  i n  a c c i d e n t a l  motion, and t h e r e f o r e  wi th  
no f i x e d  o r i e n t a t i o n ,  w i l l  be reduced t o  t h e  l e v e l s  t y p i c a l  f o r  
t h e  o t h e r  bodies  i n  Table 1. Only i f  d e l i b e r a t e l y  p laced  on 
t h e  s u r f a c e  of t h e  workbench i n  t h e  proper  o r i e n t a t i o n ,  w i l l  
even a f l a t  o b j e c t  s t i c k  t o  t h e  s u r f a c e  wi th  apprec i ab le  force. 
Poss ib ly  t h e  r a t i o  D/F can be increased  by a f a c t o r  %5 i f  one 
cons ide r s  o b j e c t s  composed of l i g h t e r  m a t e r i a l s ,  b u t  few m a t e r i a l s  
used i n  t e c h n i c a l  p r a c t i c e  a r e  s u b s t a n t i a l l y  less dense than  water .  

Because t h i s  
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I t  has  been argued t h a t  such low levels of force 
or  a c c e l e r a t i o n  may be s u f f i c i e n t  i n  a zero-g environment t o  
f u l f i l l  bo th  func t ions  of g r a v i t y ,  namely t o  a s s u r e  t h a t  an 
object released over t h e  bench lands  on t h e  s u r f a c e  of t h e  
bench, and t h a t  an object a l ready  r e s i d i n g  on t h e  s u r f a c e  i s  
he ld  t h e r e .  I f  any of t h e  i n d i c a t e d  m e t a l l i c  o b j e c t s  has a 
s i z e a b l e  component of v e l o c i t y ,  say > 20 cm/sec, t r a n s v e r s e  
t o  t h e  a i r  stream, it i s  not  l i k e l y  to l a n d  i n  i t s  f l i g h t  on 
t h e  s u r f a c e  of t h e  bench. On t h e  assumption of  .01 g drag 
a c c e l e r a t i o n  t h e  body t r a v e r s e s  i n  % 4 . 5  seconds a d i s t a n c e  
of -1 meter and reaches a t  t h e  end of t h i s  per iod  a v e l o c i t y  
of only %45cm/sec. Under such cond i t ions ,  p o t e n t i a l  problems 
e x i s t  i n d i c a t i n g  t h a t  one should res tudy  t h e  requirements  
f o r  t h e  Workbench. The case  f o r  t h e  " s t i c k i n g "  f o r c e  of t h e  
p e r f o r a t e d  s u r f a c e  f o r  o b j e c t s  a l r eady  r e s i d i n g  on it appears  
s t r o n g e r ,  b u t  i n  v i e w  of t h e  above problem, one might consider 
t h e  use  of adhesive s u r f a c e s .  

I n  p r i n c i p l e  t h e  drag can be increased  by i n c r e a s i n g  
t h e  a i r  stream v e l o c i t y .  However, an a i r  stream v e l o c i t y  Of 
5m/sec appears t o  be t h e  p r e s e n t  des ign  l i m i t  f o r  t h e  work- 
bench . Also, a s  Table 1 i l l u s t r a t e s ,  t h e  i n c r e a s e  i n  
v e l o c i t y  i s  less e f f e c t i v e  than may be surmised from Equation (1). 
For example, i nc reas ing  t h e  v e l o c i t y  by a f a c t o r  of 5 does 
no t  r e s u l t  i n  a 2 5  f o l d  inc rease  i n  drag f o r c e ,  because t h e  
i n c r e a s e  of R p ropor t iona l  t o  v e l o c i t y  reduces CD. 

( 3 )  
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